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Description 

The present invention relates to a novel meth- 
od for the preparation of an organopolysiloxane 
compound substituted by a higher alkoxy group. 
More particularly, the invention relates to an effi- 
cient method for the preparation of an or- 
ganopolysiloxane compound having, in a molecule, 
at least one alkoxy group of at least 4 carbon 
atoms bonded to the silicon atom. 

As is well known, organopolysiloxanes or so- 
called silicones have excellent properties including 
high chemical and physical stability as well as 
inherent inertness to the human body so that sili- 
cones or, in particular, silicone oils are widely used 
as an ingredient in a wide variety of toiletry and 
cosmetic preparations. For example, eaux de col- 
ogne, toiletry soaps, enamels for manicure and 
pedicure, lipsticks, lip creams, shampoos, hair 
rinses, eye shadows, eyeliners, mascaras, cheek 
rouges and the like are sometimes formulated with 
an organopolysiloxane such as a dimethyl poiy- 
siloxane oil, methyl phenyl polysiloxane oil, oc- 
tamethyl cyclotetrasiloxane, decamethyl cyclopen- 
tasiloxane, methyl hydrogen polysiloxane oil and 
the like. Some of toiletry and cosmetic preparations 
are formulated with an organopolysiloxane having 
at least one alkoxy group bonded to the silicon 
atom in a molecule such as a dimethyl polysilox- 
ane-methyl polyoxyethylene copolymer, dimethyl 
polysiloxane-methyl polyoxypropylene copolymer, 
dimethyl polysiloxane-methyl polyox- 

yethylenepropylene copolymer, dimethyl polysilox- 
ane-methylcetyloxysiloxane copolymer and 
dimethyl polysiloxane-methylstearyloxysiloxane 
copolymer. 

The method for the preparation of the above 
mentioned alkoxy group-containing or- 
ganopolysiloxane is well known in the art of sili- 
cones. For example, Japanese Patent Publication 
No. 48-19941 teaches a method in which an or- 
ganohydrogenpolysiloxane is subjected to a de- 
hydrogenation condensation reaction with a higher 
alcohol in the presence of a strong alkali as the 
catalyst such as an alkali metal hydroxide and 
alkali metal alkoxide. Although the alkoxy residue 
of the higher alcohol can be bonded to the silicon 
atoms by this reaction, the siloxane linkages in the 
starting organohydrogenpolysiloxane are subject to 
the attack of the strong alkali used as the catalyst 
to cause scission so that the alkoxy group-contain- 
ing organopolysiloxane obtained as the product 
neccessarily has a greatly decreased degree of 
polymerization or number of the silicon atoms in a 
molecule of, for example, 10 or smaller. Accord- 
ingly, it is eagerly desired to obtain an or- 
ganopolysiloxane having a sufficiently high degree 
of polymerization and containing higher alkoxy 



groups of, for example, at least 4 carbon atoms in 
order to impart toiletry and cosmetic preparations 
with certain advantageous properties obtained only 
by formulating such a silicone. 

5 An alternative method for the preparation of an 

alkoxy-substituted organopolysiloxane is the dehy- 
drogenation condensation reaction between an or- 
ganohydrogenpolysiloxane and an alcohol in the 
presence of a platinum compound as the catalyst. 

70 This platinum-catalyzed dehydrogenation reaction, 
however, can proceed only when the alcohol is a 
lower aliphatic alcohol such as methyl and ethyl 
alcohols and the reaction can hardly proceed when 
the alcohol is a higher alcohol having, for example, 

75 4 or more carbon atoms in a molecule. Thus, no 
efficient method is known in the prior art for the 
preparation of an alkoxy-substituted or- 
ganopolysiloxane, especially, when the alkoxy 
group has a large number of carbon atoms. 

20 The present invention accordingly has an ob- 

ject to provide a novel and efficient method for the 
preparation of an organopolysiloxane substituted by 
a higher alkoxy group. 

Thus, the present invention provides a method 

25 for the preparation of a higher alkoxy-substituted 
diorganopolysiloxane represented by the general 
formula 

R3R2 2 Si-0-(-SiR 2 2-0-)p-(-SiR 2 R 3 -0-) q -SiR 2 2R 3 , 0) 

30 

in which R 2 is, each independently from the others, 
an unsubstituted or substituted monovalent hydro- 
carbon group having 1 to 15 carbon atoms, at least 
one of the groups denoted by R 3 is an alkoxy 
35 group of the formula R 4 0, R* being an alkyl group 
having 4 to 30 carbon atoms, the remainder of R 3 , 
if any, each being R 2 , and the subscripts p and q 
are each zero or a positive integer with the proviso 
that q is not zero when the groups R 3 at the 
40 molecular chain ends are both R 2 , which method 
comprises the steps of: 

(a) mixing an organohydrogenpolysiloxane re- 
presented by the general formula 

45 R 1 R 2 2 Si-0-(-SiR 2 2 -0-) m -(-Si R 2 H-0-) n - 
SiR 2 2 R\ (II) 

in which R 2 has the same meaning as defined 
above, R 1 is a hydrogen atom directly bonded to 

50 the silicon atom or R 2 and the subscripts m and 
n are each zero or a positive integer with the 
proviso that at least one of the groups denoted 
by R 1 is a silicon-bonded hydrogen atom when 
the subscript n is zero and the subsctipt n is not 

55 zero when the two groups R 1 are simultaneiusly 
R 2 , an aliphatic alcohol represented by the gen- 
eral formula 



2 



3 



EP 0 475 440 B1 



4 



R*OH, (III) 

In which R 4 is an alky I group having 4 to 30 
carbon atoms, a platinum compound and an 
organic acid to form a reaction mixture; and 
(b) heating the reaction mixture. 
Figure 1 is an infrared absorption spectrum of 
the alkoxy-substituted organopolysiloxane prepared 
in Example 1 and Figures 2 and 3 are each a 
diagram of 13 C-NMR spectrum of the same. 

As is described above, the present invention 
provides a novel and efficient method for the prep- 
aration of a higher alkoxy-substituted dior- 
ganopolysiloxane having, in a molecule, at least 
one aikoxy group of 4 to 30 carbon atoms as is 
defined by the above given general formula (I). 
Such an alkoxy-substituted diorganopolysiloxane of 
the general formula (I) can be readily prepared by 
the dehydrogenation condensation reaction accord- 
ing to the inventive method between an or- 
ganohydrogenpolysiloxane of the general formula 
(II) and a higher aliphatic alcohol of the general 
formula (III) in the presence of a platinum com- 
pound as the catalyst and an organic acid which 
may serve as a co-catalyst. 

The alkoxy-substituted diorganopolysiloxane as 
the desired product of the inventive method is 
represented by the above given general formula (I). 
In the formula, R 2 is an unsubstituted or substituted 
monovalent hydrocarbon group of 1 to 15 carbon 
atoms exemplified by alkyl groups such as methyl, 
ethyl, propyl and butyl groups, cycloalkyl groups 
such as cyclohexyl group, alkenyl groups such as 
vinyl and allyl groups and ary! groups such as 
phenyl and tolyl groups as well as those substi- 
tuted groups such as chloromethyl, 3,3,3- 
trifluoropropyl and 2-cyanoethyl groups obtained 
by replacing a part or all of the hydrogen atoms in 
the above named hydrocarbon groups with halogen 
atoms and cyano groups. At least one of the 
groups denoted by R 3 is a higher aikoxy group 
having 4 to 30 carbon atoms exemplified by 
butoxy, pentoxy, hexoxy, octoxy, myristyloxy, 
cetyloxy, oleyloxy and stearyloxy groups and the 
remainder of the groups R 3 , if any, are each R 2 . 
The subscripts p and q in the formula (I) is each 
zero or a positive integer. Since at least one of the 
groups denoted by R 3 must be an aikoxy group, 
the subscript q cannot be equal to zero when both 
of the groups R 3 at the molecular chain ends are 
simultaneously R 2 . 

The organohydrogenpolysiloxane as one of the 
starting reactants in the dehydrogenation reaction 
according to the inventive method is represented 
by the general formula (II) given above, in which 
the symbol R 2 has the same meaning as defined 
above. Since the molecule of the organohydrogen- 
polysiloxane must have at least one hydrogen atom 



directly bonded to the silicon atom, at (east one of 
the group denoted by R 1 is a silicon-bonded hy- 
drogen atom when the subscript n is zero and, on 
the other hand, the subscript n cannot be zero 
5 when both of the two R 1 groups are simultaneously 
R 2 . 

The higher aliphatic alcohol to be reacted with 
the above defined organohydrogenpolysiloxane is 
represented by the above given general formula 

10 (III), in which R 4 is an alkyl group having 4 to 30 
carbon atoms. Examples of the aliphatic alcohols to 
be reacted with the organohydrogenpolysiloxane 
include butyl alcohol, hexyl alcohol, octyi alcohol, 
myristyl alcohol, cetyl alcohol, oleyl alcohol and 

75 stearyl alcohol and the alcohol should be selected 
among the above depending on the particular ob- 
ject of application of the alkoxy-substituted or- 
ganopolysiloxane. When the intended application of 
the alkoxy-substituted organopolysiloxane is as an 

20 additive in a toiletry or cosmetic preparation, those 
having a relatively large number of carbon atoms in 
a molecule, such as myristyl, cetyl and stearyl 
alcohols, are preferred in order to meet the require- 
ments under statutory regulations for the formula- 

25 tion of those preparations. 

The amount of the above defined higher al- 
iphatic alcohol to be reacted with the or- 
ganohydrogenpolysiloxane should be at least 
equimolar to the silicon-bonded hydrogen atoms in 

30 the organohydrogenpolysiloxane. The amount of 
the alcohol is usually in the range from 1.0 to 1.3 
moles per mole of the silicon-bonded hydrogen 
atoms in the organohydrogenpolysiloxane. When 
an excess amount of the alcohol is used relative to 

35 the organohydrogenpolysiloxane, the reaction mix- 
ture after completion of the reaction naturally con- 
tains a remaining amount of the unreacted alcohol 
which, however, usually is not detrimental and 
need not be removed from the reaction mixture at 

40 least when the intended application of the alkoxy- 
substituted organopolysiloxane is as an additive in 
toiletry or cosmetic preparations. 

The dehydrogenation reaction between the 
above described organohydrogenpolysiloxane and 

45 higher aliphatic alcohol is promoted by a catalyst 
system consisting of a platinum compound and an 
organic acid. The platinum compounds suitable for 
the purpose include those known ones convention- 
ally used as a catalyst in the dehydrogenation 

so reaction of a lower alcohol or in the hydrosilation 
reaction. For example, chloroplatinic acid and com- 
plexes thereof with an olefin or a vinyl-containing 
organopolysiloxane can be used. The amount of 
the platinum compound in the reaction mixture is 

55 usually in the range from 0.0001 to 0.1 part by 
weight calculated as platinum metal per 100 parts 
by weight of the organohydrogenpolysiloxane. The 
organic acid as the co-catalyst for the platinum 
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compound in the catalyst system can be any of 
those compounds having a carboxyl group or phe- 
nolic hydroxy group in a molecule exemplified by 
formic acid, acetic acid, propionic acid, butyric 
acid, oxalic acid, citric acid, benzoic acid and phe- 5 
nol. 

Although the exact mechanism by which the 
dehydrogenation reaction of an organohydrogen- 
polysiloxane can proceed so smoothly even with a 
higher alcohol of 4 to 30 carbon atoms in a mol- 10 
ecule is not fully understood, following is a presum- 
able mechanism therefor taking a carboxylic acid 
RCOOH as the organic acid. Namely, the dehydro- 
genation reaction first takes place between the 
silicon-bonded hydrogen atoms and molecules of 75 
the carboxylic acid in the presence of the platinum 
catalyst according to the following reaction equa- 
tion: 



=Si-H + HO-CO-R - sSj-O-CO-R + H 2 



20 



to give an acyloxy-substituted organopolysiloxane 
which is then reacted with the higher aliphatic 
alcohol R*OH to cause exchange of the acyloxy 
group R-CO-O- with the alkoxy group R*0- accord- 25 
ing to the reaction equation: 

=Si-OCO-R + R'OH-^Si-O-R* + HO-CO-R 

thus to regenerate the carboxylic acid. 30 

Assuming that the above described mechanism 
of the reaction is actually held, it would be a 
possible way that the organohydrogenpolysiloxane 
is first reacted with a carboxylic acid in an amount 
at least equimolar to the silicon-bonded hydrogen 35 
atoms therein to be converted into the acyloxy- 
substituted organopolysiloxane which is then reac- 
ted with the higher aliphatic alcohol to effect the 
exchange reaction of the acyloxy groups and the 
alkoxy groups. A more advantageous way, how- 40 
ever, is that a reaction mixture is formed by mixing 
the higher aliphatic alcohol, organic acid, platinum 
compound and, if necessary, organic solvent and 
then the organohydrogenpolysiloxane is added 
dropwise to the reaction mixture so that the de- 45 
hydrogenation reaction and the exchange reaction 
may proceed concurrently in a one-step procedure. 
Alternatively, a reaction mixture is formed by mix- 
ing the organohydrogenpolysiloxane.alcohol, plati- 
num compound and, if necessary, organic solvent 50 
and the organic acid is added thereto dropwise. 

The amount of the organic acid added to the 
reaction mixture is in the range from 0.01 to 3 
moles per mole of the silicon-bonded hydrogen 
atoms in the organohydrogenpolysiloxane. Since 55 
the organic acid can be regenerated by the ex- 
change reaction of the acyloxy groups with the 
alkoxy groups as is described above, however, the 



amount is preferably in the range from 0.1 to 1.0 
mole per mole of the silicon-bonded hydrogen 
atoms in the organohydrogenpolysiloxane. 

Although the reaction can proceed without 
diluting the reaction mixture with an organic sol- 
vent, it is sometimes advantageous in order to 
ensure more smooth proceeding of the reaction 
that the reaction mixture is admixed with an or- 
ganic solvent. The organic solvent, when used, 
must be one having no active hydrogen atom in the 
molecule in order not to disturb the reaction. Exam- 
ples of suitable organic solvents include aliphatic 
hydrocarbon solvents such as hexane and heptane, 
aromatic hydrocabron solvebts such as toluene and 
xylene, esters and ethers such as ethyl acetate and 
dibutyl ether and chlorinated hydrocarbon solvents 
such as trichloroethylene and trichloroethane. 

The dehydrogenation reaction proceeds when 
the reaction mixture is heated at a temperature in 
the range from 30 to 150 'C or, preferably, from 
60 to 80 0 C. When the reaction temperature is too 
low, the velocity of the reaction would be too low 
as a matter of course taking an unduly long time 
for completion of the reaction. When the reaction 
temperature is too high, on the other hand, un- 
desirable side reactions, such as the esterification 
reaction between the alcohol and the organic acid, 
may take place to cause a decrease in the yield of 
the desired product. The reaction is usually com- 
plete within 10 to 20 hours when the reaction 
temperature is in the range from 60 to 80 0 C. 

After completion of the reaction, the reaction 
mixture is washed with water to remove the organic 
acid followed by stripping of the organic solvent, 
when used, by distillation under reduced pressure 
to give the desired higher alkoxy-substituted or- 
ganopolysiloxane. It is a possible way that, in place 
of washing of the reaction mixture with water, the 
organic acid is removed by distillation under re- 
duced pressure together with the organic solvent 
when the organic acid has a relatively low boiling 
point as acetic acid. When the organic acid has a 
relatively high boiling point or is non-volatile as 
citric acid, removal of such an organic acid from 
the reaction product is in most cases not requisite 
since such an organic acid has no particular ad- 
verse effect on the human body when the reaction 
mixture obtained by the reaction is used as such 
as an additive in toiletry and cosmetic preparations. 

In the following, the higher alkoxy-substituted 
organopolysiloxane of the invention is described in 
more detail by way of examples. 

Example 1. 

Into a reaction vessel of 5 liters capacity were 
introduced 1485 g (5.5 moles) of stearyl alcohol, 
300 g (5.0 moles) of acetic acid, 600 g of toluene 
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and 3 g of a 0.05% by weight solution of a vinyl- 
siloxane complex of chloroplatinic acid in toluene to 
form a mixture, into which 1202 g (1 mole) of a 
methyl hydrogen polysiloxane expressed by the 
formula 

Me 3 Si-O-(-SiMe 2 -O-)i 0 -(-SiHMe-O-)5-SiMe 3 . 

in which Me is a methyl group, were added drop- 
wise while the mixture in the reaction vessel was 
heated and kept at 60 * C under a stream of 
nitrogen gas. After completion of the dropwise ad- 
dition of the methyl hydrogen polysiloxane, the 
reaction mixture in the vessel was further agitated 
at the same temperature for 15 hours. The reaction 
mixture was then analyzed for the residual content 
of the silicon-bonded hydrogen atoms in the methyl 
hydrogen polysiloxane by decomposing and con- 
verting the silicon-bonded hydrogen atoms into free 
hydrogen gas. The result was that the volume of 
the hydrogen gas evolved in the analysis was 0.2 
ml/ g at NT. P. indicating that at least 99% of the 
silicon-bonded hydrogen atoms in the starting 
methyl hydrogen polysiloxane had reacted in the 
dehydrogenation reaction. 

In the next place, the thus obtained reaction 
mixture was washed three times each with 600 ml 
of water to be freed from acetic acid and further 
stripped at 150 *C under reduced pressure to be 
freed from toluene followed by cooling to give 2576 
g of a greyish solid as the product corresponding 
to 96% of the theoretical yield. This product could 
be melted within a temperature range of which the 
temperature for complete melting was 44 *C. The 
melt of the product had a viscosity of 24 cen- 
tistokes at 60 *C. This product was subjected to 
the measurements of the infrared absorption spec- 
trum and 13 C-NMR spectrum to give the results 
shown in Figure 1 for the infrared absorption spec- 
trum and Figures 2 and 3 for the NMR spectrum. 
These analytical results supported the conclusion 
that the product obtained was a stearyloxy-substi- 
tuted organopolysiloxane expressed by the formula 

Me 3 Si-0-(-Si Me2 -0-)i o -[-SiMe(OCi a H 3 7 )-0-]s - 
SiMe 3 , 

in which Me is a methyl group. 
Example 2. 

Into a reaction vessel of 5 liters capacity were 
introduced 972 g (3.8 moles) of stearyl alcohol, 98 
g (0.5 mole) of citric acid, 200 g of toluene and 2 g 
of a 0.5% by weight solution of a vinylsiloxane 
complex of chloroplatinic acid in toluene to form a 
mixture, into which 2340 g (1 mole) of a methyl 
hydrogen polysiloxane expressed by the formula 



Me 3 Si-0-(-SiMe 2 -0-) 2 7-(-SiHMe-0-) 3 -SiMe 3 , 

in which Me is a methyl group, were added drop- 

5 wise while the mixture in the reaction vessel was 
heated and kept at 70 *C under a stream of 
nitrogen gas. After completion of the dropwise ad- 
dition of the methyl hydrogen polysiloxane, the 
reaction mixture in the vessel was further agitated 

70 at the same temperature for 10 hours to complete 
the reaction. The reaction mixture was then ana- 
lyzed for the residual content of the silicon-bonded 
hydrogen atoms in the methyl hydrogen polysilox- 
ane by decomposing and converting the silicon- 

75 bonded hydrogen atoms into free hydrogen gas. 
The result was that almost no hydrogen gas was 
evolved indicating that the dehydrogenation reac- 
tion was almost complete. 

In the next place, the thus obtained reaction 

20 mixture was washed three times each with 400 ml 
of water to be freed from citric acid and further 
stripped at 150 *C under reduced pressure to be 
freed from toluene followed by cooling to give 3140 
g of a greyish solid as the product corresponding 

25 to 95% of the theoretical yield. This product could 
be melted within a temperature range of which the 
temperature for complete melting was 41 • C. The 
melt of the product had a viscosity of 18 cen- 
tistokes at 60 • C. This product was subjected to 

30 the measurements of the infrared absorption spec- 
trum and 13 C-NMR spectrum to give the results 
which supported the conclusion that the product 
obtained was a stearyloxy-substituted or- 
ganopolysiloxane expressed by the formula 

35 

Me 3 Si-0-(-SiMe2-0-)27-[-SiMe(OCi8H 3 7)-0-] 3 - 
SiMe 3 , 

in which Me is a methyl group. 

40 

Example 3. 

The experimental procedure was substantially 
the same as in Example 1 except that the stearyl 

45 alcohol was replaced with 1331 g (5.5 moles) of 
cetyl alcohol to give 2340 g of a greyish solid 
product in a yield of 93% of the theoretical value. 
The temperature of complete melting of this solid 
was 37 • C and the melt of the solid had a viscosity 

so of 19 centistokes at 60 'C. 

The results of the infrared absorption spec- 
trophotometry and NMR spectroscopy supported 
the conclusion that this product was a cetyloxy- 
substituted organopolysiloxane expressed by the 

55 formula 

Me 3 Si-O-(-SiMe 2 -O-) 1 0-[-SiMe(OCi 6 H 33 )-O-]5- 
SiMe 3 , 
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in which Me is a methyl group. 
Example 4. 

The experimental procedure was substantially 
the same as in Example 1 except that the stearyl 
alcohol was replaced with 1177 g (5.5 moles) of 
mynstyl alcohol to give 2270 g of a light yellow 
liqid product in a yield of 96% of the theoretical 
value. This liquid product had a viscosity of 41 
centistokes at 25 • C. 

The results of the infrared absorption spec- 
trophotometry and NMR spectroscopy supported 
the conclusion that this product was a myristyloxy- 
substituted organopolysiloxane expressed by the 
formula 

Me 3 Si-0-(-SiMe 2 -0-) 1 0 -[-SiMe(OCi 4 H 29 )-0-l 5 - 
SiMe 3 , 

in which Me is a methyl group. 
Example 5. 

Into a reaction vessel of 5 liters capacity were 
taken 360 g (6 moles) of acetic acid, 600 g of 
toluene and 3 g of a 0.5% toluene solution of a 
complex of chloroplatinic acid and a vinyl-contain- 
ing organopolysiloxane to form a mixture into 
which 832 g (1 mole) of a methyl hydrogen poly- 
siloxane expressed by the formula 

Me 3 Si-0-(-Si Me 2 -0-) 5 -(-Si HMe-0-) 5 -SiMe 3 , 

in which Me is a methyl group, were added drop- 
wise while the mixture in the vessel was heated 
under reflux. After completion of the dropwise addi- 
tion of the methyl hydrogen polysiloxane, the reac- 
tion mixture was further heated for 3 hours under 
reflux to complete the reaction. Test for the silicon- 
bonded hydrogen atoms in the methyl hydrogen 
polysiloxane indicated completion of the dehydro- 
genation reaction. The reaction mixture was then 
subjected to stripping of toluene and excess of 
acetic acid by heating at 150 -C under reduced 
pressure to give an acetoxy-substituted or- 
ganopolysiloxane. 

The above obtained acetoxy-substituted or- 
ganopolysiloxane was admixed with 1485 g (55 
moles) of stearyl alcohol and the mixture was heat- 
ed at 80 -C for 10 hours to effect the exchange 
reaction of the acetoxy groups with stearyloxy 
groups. After completion of the reaction, acetic acid 
formed by the reaction was removed from the 
mixture by stripping under reduced pressure fol- 
lowed by cooling to give 2145 g of a greyish solid 
m a yield of 93% based on the theoretical value 
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The temperature for complete melting of this solid 
product was 44 -c and a melt of the solid had a 
viscosity of 21 centistokes at 60 • C. 

The results of the infrared absorption spec- 
trophotometry and NMR spectroscopy supported 
the conclusion that this product was a stearyloxy- 
substituted organopolysiloxane expressed by the 
formula 

Me 3 Si-0-(-SiMe 2 -0-)5-[-SiMe(OCi 8 H 37 )-0-]5- 
SiMe 3 , 

in which Me is a methyl group. 
Claims 

1. A method for the preparation of a higher al- 
koxy-substituted diorganopolysiloxane repre- 
sented by the general formula 

R 3 R 2 2 Si-0-(-SiR2 2 -0-) p -(-SiR2R3. 0 -) q -SiR2 2 R3, 

in which R 2 is, each independently from the 
others, an unsubstituted or substituted mon- 
ovalent hydrocarbon group having 1 to 15 car- 
bon atoms, at least one of the groups denoted 
by R 3 is an alkoxy group of the formula R+O, 
R 4 being an alky! group having 4 to 30 carbon 
atoms, the remainder of R 3 , if any, each being 
R 2 and the subscripts p and q are each zero 
or a positive integer with the proviso that q is 
not zero when the groups R 3 at the molecular 
chain ends are both R*. which method com- 
prises the steps of: 

(a) mixing an organohydrogenpolysiloxane 
represented by the general formula 

R 1 R 2 2 Si-0-(-SiR 2 2 -0-) m -(-SiR 2 H-0-) n - 
SiR 2 2 R\ 

in which R 2 has the same meaning as de- 
fined above, R 1 is a hydrogen atom directly 
bonded to the silicon atom or R 2 and the 
subscripts m and n are each zero or a 
positive integer with the proviso that at least 
one of the groups denoted by R 1 is a sili- 
con-bonded hydrogen atom when the sub- 
script n is zero and the subscript n is not 
zero when the two groups R 1 are simulta- 
neously R2. an aliphatic alcohol represented 
by the general formula 

R 4 OH, 

in which R 4 is an alky! group having 4 to 30 
carbon atoms, a platinum compound and an 
organic acid to form a reaction mixture; and 
(b) heating the reaction mixture. 
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2. The method for the preparation of a higher 
alkoxy-substituted diorganopolysiloxane as 
claimed in claim 1 in which the organic acid is 
selected from the group consisting of formic 
acid, acetic acid, propionic acid, butyric acid, 5 
oxalic acid, citric acid, benzoic acid and phe- 
nol. 

3. The method for the preparation of a higher 
alkoxy-substituted diorganopolysiloxane as 10 
claimed in claim 1 in which the amount of the 
organic acid is in the range from 0.1 to 1 mole 

per mole of the hydrogen atoms directly bon- 
ded to the silicon atoms in the or- 
ganohydrogenpolysiloxane. 75 

4. The method for the preparation of a higher 
alkoxy-substituted diorganopolysiloxane as 
claimed in claim 1 in which the amount of the 
platinum compound is in the range from 20 
0.0001 to 0.1 part by weight as platinum per 

100 parts by weight of the organohydrogen- 
polysiloxane. 

5. The method for the preparation of a higher 25 
alkoxy-substituted diorganopolysiloxane as 
claimed in claim 1 in which the temperature of 
heating in step (b) is in the range from 30 to 

150 -C. 

30 

6. The method for the preparation of a higher 
alkoxy-substituted diorganopolysiloxane as 
claimed in claim 5 in which the temperature of 
heating in step (b) is in the range from 60 to 

80 -C. 35 

7. A method for the preparation of a higher al- 
koxy-substituted diorganopolysiloxane repre- 
sented by the general formula 

40 

R 3 R 2 2 Si-0-(-SiR 2 2-0-)p-(-SiR 2 R 3 -0-) q -SiR 2 2 R 3 , 

in which R 2 is, each independently from the 
others, an un substituted or substituted mon- 
ovalent hydrocarbon group having 1 to 15 car- 45 
bon atoms, at least one of the groups denoted 
by R 3 is an alkoxy group of the formula R 4 0, 
R 4 being an alky I group having 4 to 30 carbon 
atoms, the remainder of R 3 . if any, each being 
R 2 , and the subscripts p and q are each zero 50 
or a positive integer with the proviso that q is 
not zero when the groups R 3 at the molecular 
chain ends are both R 2 , which method com- 
prises the steps of: 

(A) mixing an organohydrogenpolysiloxane 55 

represented by the general formula 

Ri R 2 2 Si-0(-SiR 2 2 -0-) m -(-Si R 2 H-0-) n - 
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SiR 2 2 R\ 

in which R 2 has the same meaning as de- 
fined above, R 1 is a hydrogen atom directly 
bonded to the silicon atom or R 2 and the 
subscripts m and n are each zero or a 
positive integer with the proviso that at least 
one of the groups denoted by R 1 is a sili- 
con-bonded hydrogen atom when the sub- 
script n is zero and the subscript n is not 
zero when the two groups R 1 are simulta- 
neously R 2 , a platinum compound and a 
carboxylic acid to form a reaction mixture; 

(B) heating the reaction mixture to form an 
acyloxy-substituted organopolysiloxane by 
the dehydrogenation reaction between the 
silicon-bonded hydrogen atoms in the or- 
ganohydrogenpolysiloxane and the carbox- 
ylic acid; 

(C) mixing the acyloxy-substituted or- 
ganopolysiloxane with an aliphatic alcohol 
represented by the general formula 

R'OH, 

in which R 4 is an alkyl group having 4 to 30 
carbon atoms, to form a mixture; and 

(D) heating the mixture of the acyloxy-sub- 
stituted organopolysiloxane and the aliphatic 
alcohol. 

Patentanspruche 

1. Verfahren zur Herstellung von ho her alkox- 
ysubstituierten Diorganopolysiloxanen der fol- 
genden allgemeinen Formel 

R 3 R 2 2 Si-0-(-SiR 2 2-0-)p-(-SiR 2 R 3 -0-) q -SiR 2 2 R 3 , 

worin R 2 , jeweils unabhandig voneinander, eine 
unsubstituierte Oder substituierte monovalente 
Kohlenwasserstoffgruppe mit 1 bis 15 Kohlen- 
stoffatomen bedeuten, mindestens eine der 
Gruppen R 3 einer Alkoxygruppe der Formel 
R 4 0 darstellt, wobei R 4 eine Alkylgruppe mit 4 
bis 30 Kohlenstoffatomen bedeutet, und die 
Obrigen Gruppen R 3 , sofern vorhanden, jeweils 
fur R 2 stehen und die Indizes p und q jeweils 
fQr 0 oder eine positive Zahl stehen, mit der 
MaBgabe, daB q nicht fOr 0 stent, wenn die 
Gruppen R 3 an den Enden der MolekOlkette 
beide die Bedeutung R 2 besitzen, 
wobei man 

(a) ein Organowasserstoffpolysiloxan der fol- 
genden allgemeinen Formel 

R^^Si-O-f-SiR^-O-Jrn-t-SiR 2 ^©-^- 
SiR 2 2 R\ 
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2. 



10 



15 



20 



worin R 2 die oben angegebenen Bedeutun- 
gen besitzt, 

R 1 far ein direkt an das Siliciumatom gebun- 
denes Wasserstoffatom Oder fUr R 2 steht 
und 

die Indizes m und n jeweils fur 0 Oder eine 
positive ganze Zahl stehen, 
mit der MaBgabe, daB mindestens eine der 
Gruppen R 1 ein an Silicium gebundenes 
Wasserstoffatom darstellt, wenn der Indem 
n fur 0 steht, und der Index n nicht fur 0 
steht, wenn die beiden Gruppen R 1 gleich- 
zeitig fur R 2 stehen, 

mit einem aliphatischen Alkohol der folgen- 
den allgemeinen Formel 

R 4 OH, 

worin R 4 eine Alkylgruppe mit 4 bis 30 

Kohlenstoffatomen bedeutet, 

einer Platinverbindung und 

einer organischen Saure zur Bildung einer 

Reaktionsmischung vermischt und 

(b) die Reaktionsmischung erhitzt. 



Verfahren zur Herstellung von hoher alkox- 
ysubstituierten Diorganopolysiloxanen nach 
Anspruch 1 wobei man eine organische Saure 
einsetzt, die ausgewahlt ist aus der Gruppe 30 
bestehend aus Ameisensaure, Essigsaure, 
Propionsaure, Butansaure, Opalsaure, Zitro- 
nensSure, Benzoesaure und Phenol. 



3. Verfahren zur Herstellung von hoher alkox- 35 
ysubstituierten Diorganopolysiloxanen nach 
Anspruch 1 , bei dem man die organische Sau- 
re in einer Menge von 0,1 bis 1 Mol pro Mol 

der direkt an die Siliciumatome in dem Orga- 
nowasserstoffpolysiloxan gebundenen Wasser- 40 
stoffatome einsetzt. 

4. Verfahren zur Herstellung von hoher alkox- 
ysubstituierten Diorganopolysiloxanen nach 
Anspruch 1, bei dem man die Platinverbindung 45 
in einer Menge von 0,0001 bis 0,1 Gew.-Teilen 

als Platin pro 100 Gew.-Teile des Organowas- 
serstoffpolysiloxans einsetzt. 

5. Verfahren zur Herstellung von hoher alkox- 50 
ysubstituierten Diorganopolysiloxanen nach 
Anspruch 1, bei dem man in Stufe (b) auf eine 
Temperatur von 30 bis 150 0 C erhitzt. 

6. Verfahren zur Herstellung von hoher alkox- 55 
ysubstituierten Diorganopolysiloxanen nach 
Anspruch 5, bei dem man in Stufe (b) auf eine 
Temperatur von 60 bis 80 0 C erhitzt. 
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Verfahren zur Herstellung von hoher alkox- 
ysubstituierten Diorganopolysiloxanen der fol- 
genden allgemeinen Formel 

R 3 R 2 2 Si-0-(.SiR 2 2 -0-) p -(-SiR 2 R3-0-) q -SiR 2 2 R3, 

worin R 2 , jeweils unabhSngig voneinander, eine 
unsubstituierte oder substituierte monovalente 
Kohlenwasserstoffgruppe mit 1 bis 15 Kohlen- 
stoffatomen bedeuten, 

mindestens eine der Gruppen R 3 einer Alkoxy- 
gruppe der Formel R 4 0 darstellt, wobei R 4 
eine Alkylgruppe mit 4 bis 30 Kohlenstoffato- 
men bedeutet, und die Ubrigen Gruppen R 3 , 
sofern vorhanden, jeweils fOr R 2 stehen und 
die Indizes p und q jeweils fUr 0 oder eine 
positive Zahl stehen, mit der MaBgabe, daB q 
nicht fGr 0 steht, wenn die Gruppen R 3 an den 
Enden der Molekulkette beide die Bedeutung 
R 2 besitzen, 
wobei man 

(A) ein Organowasserstoffpolysiloxan der 
folgenden allgemeinen Formel 

R 1 R 2 2 Si-0-(-SiR 2 2 -0-) m -(-Si R 2 H-0-) n - 
SiR 2 2 R\ 

worin R 2 die oben angegebenen Bedeutun- 
gen besitzt, 

R 1 fUr ein direkt an das Siliciumatom gebun- 
denes Wasserstoffatom oder fUr R 2 steht 
und 

die Indizes m und n jeweils fur 0 Oder eine 
positive ganze Zahl stehen, 
mit der MaBgabe, dafl mindestens eine der 
Gruppen R 1 ein an Silicium gebundenes 
Wasserstoffatom darstellt, wenn der Index n 
fur 0 steht, und der Index n nicht fur 0 steht, 
wenn die beiden Gruppen R 1 gleichzeitig fur 
R 2 stehen, 

mit einer Platinverbindung und einer Car- 
bonsaure zur Bildung einer Reaktionsmi- 
schung vermischt, 

(B) die Reaktionsmischung zur Bildung ei- 
nes acyloxysubstituierten Organopolysilo- 
xans durch die Dehydrierungsreaktion zwi- 
schen den an Silicium gebundenen Wasser- 
stoffatomen in dem Organowasserstoffpoly- 
siloxan und der Carbonsaure erhitzt, 

(C) das acyloxysubstituierte Organopolysilo- 
xan mit einem aliphatischen Alkohol der fol- 
genden allgemeinen Formel 

R 4 OH, 

worin R 4 eine Alkylgruppe mit 4 bis 30 
Kohlenstoffatomen bedeutet, zur Bildung ei- 
ner Mischung vermischt und 
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(D) die Mischung des acyloxysubstituierten 
Organopolysiloxans und des aliphatischen 
Alkohols erhitzt. 

Revendications 

1. Procede de preparation d'un diorganopolysi- 
loxane substitue par un alkoxy superieur repre- 
sente par la formule g^neVale : 



R 3 R 2 2 Si 
SiR 2 2 R 3 , 



O - (-SiR 2 2 -0-) p -(-SiR 2 R 3 -0-)q- 



dans laquelle R 2 est, chacun independamment 
les uns des autres, un groupe hydrocarbone 
univalent non substitue ou substitue" ayant de 1 
a 15 atomes de carbone, au moins Tun des 
groupes indique par R 3 est un groupe alkoxy 
de formule R 4 0, R 4 etant un groupe alkyle 
ayant de 4 a 30 atomes de carbone, le reste 
de R 3 le cas 6ch£ant, etant chacun R 2 , et les 
indices p et q sont chacun zero ou un nombre 
entier positif a condition que q ne soit pas zero 
lorsque les groupes R 3 en bouts de chatne 
moleculaire sont tous les deux R 2 , lequel pro- 
cede comprend les Stapes de : 

(a) melange d'un organohydrogene-polysi- 
loxane represente par la formule g£ne>ale : 



R 1 R 2 2 St 
SiR 2 2 R1, 



dans laquelle R 2 a la memo signification 
que defini ci-dessus, R 1 est un atome d'hy- 
drogene lie directement a I'atome de sili- 
cium ou a R 2 , et les indices m et n sont 
chacun zero ou un nombre entier positif a 
condition qu'au moins Tun des groupes indi- 
que par R 1 soit un atome d'hydrogene lie 
au silicium lorsque I'indice n est ze>o et que 
I'indice n n'est pas zero lorsque les deux 
groupes R 1 sont simultan6ment R 2 , un al- 
cool aliphatique represente par la formule 
generale : 

R 4 0 H, 

dans laquelle R 4 est un groupe alkyle ayant 
de 4 a 30 atomes de carbone, un compose 
de platine et un acide organique pour for- 
mer un melange reactionnel ; et 
(b) chauffage du melange reactionnel. 

Procede de preparation d'un diorganopolysi- 
loxane substitue par un alkoxy superieur selon 
la revendication 1, dans lequel I'acide organi- 
que est selecte parmi le groupe se composant 
de I'acide formique, I'acide acetique, I'acide 
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propionique, I'acide butyrique, I'acide oxaiique, 
I'acide citrique, I'acide benzoTque et le phenol. 

Procede de preparation d'un diorganopolysi- 
loxane substitue par un alkoxy superieur selon 
la revendication 1, dans lequel la quantite 
d'acide organique est comprise dans une four- 
chette atlant de 0,1 a 1 mole par mole des 
atomes d'hydrogene lies directement aux ato- 
mes de silicium dans I'organohydrogenepolysi- 
loxane. 

Procede de preparation d'un diorganopolysi- 
loxane substitue par un alkoxy superieur selon 
la revendication 1, dans lequel la quantite du 
compose de platine est comprise dans une 
fourchette allant de 0,0001 a 0,1 partie en 
poids en platine pour 100 parties en poids 
d'organohydrogene-polysiloxane. 

Procede de preparation d'un diorganopolysi- 
ioxane substitue par un alkoxy superieur selon 
la revendication 1, dans lequel la temperature 
de chauffe dans I'etape (b) est situee dans une 
plage de 30 a 150°C. 

Procede de preparation d'un diorganopolysi- 
loxane substitue par un alkoxy superieur selon 
la revendication 5, dans lequel la temperature 
de chauffe dans retape (b) est situee dans une 
plage de 60 a 80 • C. 

Procede de preparation d'un diorganopolysi- 
loxane substitue par un alkoxy superieur repre- 
sente par la formule generale : 



R 3 R 2 2 Si - 
SiR 2 2 R 3 , 



O - (-SiR 2 2-0-) p -(-SiR 2 R 3 -0-) q - 



dans laquelle R 2 est, chacun independamment 
les uns des autres, un groupe hydrocarbone 
univalent non substitue ou substitue ayant de 1 
a 15 atomes de carbone, au moins Tun des 
groupes indique par R 3 est un groupe alkoxy 
de formule R 4 0, R 4 etant un groupe alkyle 
ayant de 4 a 30 atomes de carbone, le reste 
de R 3 , le cas echeant, etant chacun R 2 , et les 
indices p et q sont chacun zero ou un nombre 
entier positif a condition que q ne soit pas zero 
lorsque les groupes R 3 en bouts de chatne 
moleculaire sont tous les deux R 2 , lequel pro- 
cede comprend les etapes de : 

(A) melange d'un organohydrogene-polysi- 
loxane represente par la formule generate 



R^ 2 2 Si 
SiR 2 2 R1, 



O - (-SiR 2 2 -0) m -(-SiR 2 H-0-) n - 



9 



17 



EP 0 475 440 B1 



dans laquelle R 2 a la meme signification 
que dSfini ci-dessus, R 1 est un atome d'hy- 
drogene lie directement a I'atome de sili- 
cium ou a R 2 , et les indices m et n sont 
chacun zero ou un nombre entier positif a 5 
condition qu'au moins I'un des groupes indi- 
que* par R 1 soit un atome d'hydrogene lie* 
au silicium lorsque I'indice n est zero et que 
Tindice n n f est pas ze>o lorsque les deux 
groupes R 1 sont simultanement R 2 , un com- 10 
pose de platine et un acide carboxylique 
pour former un melange rSactionnel; 
(B) chauffage du melange reactionnel pour 
former un organopolysiloxane substitue* par 
un acyloxy au moyen de la reaction de 75 
d^shydroggnation entre les atomes d'hydro- 
gene lies au silicium dans I'organohydroge- 
ne-polysiloxane et I'acide carboxyliqye ; 
( C) melange de I'organopolysiloxane subs- 
titue par I'acyloxy, avec un alcool aliphati- 20 
que represent par la formule gdneVale : 

R 4 0 H, 

dans laquelle R* est un groupe alkyle ayant 25 
de 4 a 30 atomes de carbone pour former 
un melange ; et 

(D) chauffage du melange d'organopolysi- 
loxane substitue par un acyloxy et de I'al- 
cool aliphatique. 30 
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